Although cognitive remediation or training for schizophrenia has been developed, few studies on the subject have focused on Japanese patients. The aim of the present study was to examine the effectiveness and applicability of compensatory cognitive training (CCT) in Japanese patients with schizophrenia. Twenty-six participants diagnosed with schizophrenia were assigned to either the CCT plus treatment as usual group ( = 13) or the treatment as usual alone group ( = 13). CCT is a 12-session, manualized, groupbased training that coaches compensatory strategies in four cognitive domains (prospective memory, attention, verbal memory, and executive functions). Cognitive, functional, and clinical symptom measures were implemented at baseline, after treatment, and at 3-month follow-up. Mixed design analyses of variance with group and time for each measure demonstrated that effects of CCT on verbal memory, processing speed, and social functioning at postintervention were significant, and the effects on processing speed were maintained at follow-up. Our study suggests that CCT has beneficial effects on cognitive performance, improving functional outcomes in Japanese patients with schizophrenia. Additionally, the high degrees of attendance rates and level of satisfaction rated by the CCT participants ensure the applicability of this methodology to this population.
Introduction
Cognitive impairment is broadly considered as one of the core components of schizophrenia, along with well-known psychotic symptoms such as positive and negative symptoms [1] . Previous studies have reported that the severity of cognitive impairments in individuals with schizophrenia is related to difficulties in social participation and could predict later functional outcomes including employment and independence in everyday living, though the explained variance in functional outcomes was modest [2] [3] [4] [5] [6] . While the progress of antipsychotic medications can serve to reduce positive symptoms dramatically, improvements in everyday functioning and the promotion of social participation remain as issues to be solved. Consequently, there is strong interest in advancing interventions aimed at improving cognitive performance, leading to the enhancement of everyday and social functioning in individuals with schizophrenia.
Cognitive impairments in schizophrenia are evident in a wide range of domains, including attention, memory, and executive functions [7] [8] [9] [10] . The psychotic symptoms in schizophrenia are manifested more commonly in adolescents and young adults and require lifelong treatment to stabilize. In contrast, cognitive impairments are known to appear before the symptomatic manifestation of the illness [11] [12] [13] [14] and are relatively stable over time after the onset of the illness [15] . Importantly, performance on the cognitive tasks shows the weakest or no relationship with positive symptoms, 2 Advances in Psychiatry though a significant relationship with negative symptoms is reported [16] [17] [18] [19] [20] . These findings support the idea that cognitive impairments in schizophrenia are relatively independent of psychotic symptoms, or at least of positive symptoms [1] .
The treatment of schizophrenia predominantly relies on pharmaceutical drugs. Thus, there are a number of studies examining the improvement effects of antipsychotic drugs on cognitive impairments in schizophrenia. Specifically, studies report that significant effects of antipsychotic drugs on cognitive functions were observed when comparing cognitive performance before and after treatment, but no differences were observed when comparing the effects of atypical and typical drugs on cognitive performance [21, 22] . In addition, the magnitude of cognitive improvements associated with atypical drugs is relatively small and in fact is similar to practice effects in healthy controls [23] . Thus, the effects of antipsychotic medications on cognitive functions are far from satisfactory, and little is known about the improvement effects of antipsychotic drugs on everyday and social functioning in patients with schizophrenia.
Against this background, cognitive remediation or training for schizophrenia has been developed as a psychosocial therapeutic approach to directly address cognitive impairments. Cognitive remediation is defined as "a behavioral training-based intervention that aims to improve cognitive processes (attention, memory, executive function, social cognition, or metacognition) with the goal of durability and generalization" [24] . The effectiveness of cognitive remediation has been repeatedly demonstrated through randomized controlled trials and meta-analyses. For example, Wykes et al. [24] conducted a meta-analysis and showed that the improvement effect of cognitive remediation on global cognition was medium (Cohen's = 0.45, group comparison after treatment). This study also showed that the effects of cognitive remediation on global cognition were durable after the completion of the intervention ( = 0.43, a comparison between pretreatment and follow-up evaluations within the cognitive remediation group). The effect sizes reported in their meta-analytic study on the respective cognitive domains were small to medium ( = 0.25 on attention, = 0.26 on processing speed, = 0.35 on verbal working memory, = 0.41 on verbal learning/memory, = 0.57 on reasoning/problem solving, and = 0.65 on social cognition). The effect sizes did not differ according to the type of intervention approach, duration of treatment, or use of computers. In addition, the authors found that cognitive remediation had a small-to-medium effect (0.42) on functional outcomes. Regarding the effectiveness of cognitive remediation on psychosocial functioning, McGurk et al. [25] conducted a meta-analysis and demonstrated that cognitive remediation programs that used strategy coaching in addition to the drilland-practice method had greater effects ( = 0.62) when compared to programs using the drill-and-practice method alone ( = 0.24). Wykes et al. [24] also confirmed this finding.
These findings suggest that we could expect to obtain equivalent effects of cognitive remediation in Japanese individuals with schizophrenia. However, to date, only four studies have reported the effectiveness and validity of cognitive remediation for schizophrenia in Japan, all without referring to strategy coaching [26] [27] [28] [29] . Therefore, in this study, we focused on a compensatory cognitive training (CCT) that includes strategy coaching developed by Twamley and colleagues, the effectiveness of which has been sufficiently demonstrated in the US [30, 31] . Although the term "strategy coaching" is not well defined, it commonly includes instructions on using cognitive or behavioral strategies to cope with cognitive activities effectively, to avoid overloading one's cognitive capability. The characteristic feature of CCT is that the approach focuses on compensatory strategies that the participants can use on their own in real-world conditions. Compensatory approach, in contrast to restorative approaches such as utilizing repetitive drill practices [32, 33] , is intended for the participants to acquire new ways to apply their capability in order to compensate for the cognitive impairments and interact with the world suitably. The compensatory strategies coached in the CCT intervention include not only the use of external or environmental aids (e.g., writing down the things to do later) but also internal or psychological attempts (using categorization or visual imagery to retain information). Specifically, acquisition of these internal strategies would improve cognitive performance evaluated using neuropsychological tests, without the use of any external tools during a test circumstance and any drill in the CCT intervention, as reported in previous studies [30, 31] . We translated the therapist's manual and the participant's workbook of CCT [30, 31] into Japanese and partially modified them while considering the cultural backgrounds of the Japanese participants. The following modifications were made. First, changes to the scenarios used for role-play training were made and some scenarios were added. Second, the commonly used "Goroawase" method was added, in which the participants create a meaningful sentence by utilizing the phonological aspects of a series of digits (like a wordplay), when memorizing digits such as a phone number or a year in which a historical event occurred. As a preliminary step of effect research on CCT for Japanese patients with schizophrenia, we need to confirm that the Japanese version has not lost the advantages of CCT during the translation process and after the modifications mentioned above.
The aim of this pilot study was to examine the effectiveness and applicability of CCT for Japanese patients with schizophrenia. We predicted that the application of CCT in Japanese patients with schizophrenia would benefit cognitive and functional outcomes, as was noted in previous studies [30, 31] . The improvement effects of CCT on cognitive performance combined with antipsychotic medication would be greater than the effectiveness of antipsychotic medication alone. In addition, CCT should positively operate upon the everyday and social functioning of patients with improvements in cognitive performance. We expected these improvement effects to be durable at follow-up evaluations implemented several months after the completion of the CCT intervention. We also expected that the CCT intervention would be feasible with Japanese individuals with schizophrenia, as reflected in high attendance rates and high satisfaction reported by participants. Figure 1 . Our trial compared CCT plus treatment as usual (CCT group) with treatment as usual alone (TAU group). The CCT intervention was delivered over 12 weeks in weekly 2-hour group sessions for the CCT group. Cognitive measures (neuropsychological tests), functional measures (questionnaires asking participants and their families about everyday and social functioning), and clinical symptom measures were implemented at preintervention (baseline, T1), immediately following the completion of CCT (postintervention, T2), and three months following the completion of CCT (follow-up, T3), to evaluate the efficacy of CCT. It was explained to the participants in both groups that the tests would assess their current status, and they were encouraged to perform well to the extent that they could at the three time points. Clinical symptoms were assessed by the Scale for the Assessment of Positive Symptoms [34] and the Scale for the Assessment of Negative Symptoms [35] . The study was approved by the Committee on Medical Ethics of the University of Toyama, and all participants provided written informed consent prior to participating in the study.
Participants.
Participants included inpatients and outpatients recruited from the same hospital. All participants were diagnosed with schizophrenia or schizoaffective disorder according to DSM-IV-TR criteria [36] . The participants were aged 18 years or older and showed evidence of cognitive difficulties (i.e., scored more than 1 SD below average on at least one of the neuropsychological tests at baseline). They maintained a stable dose of medication for at least 1 month prior to inclusion in the study. The following exclusion criteria were applied: neurological illness, traumatic head injury, current substance or alcohol abuse, and an estimate of premorbid IQ > 90 as assessed by the Japanese Adult Reading Test (JART) [37] . The demographic and clinical characteristics of the participants are presented in Table 1 .
Twenty-six participants were enrolled in the study. We used posters and brochures to recruit patients for the study. All participants were recommended for the study by their attending psychiatrist. Thirteen participants were assigned to the CCT group and the other 13 to the TAU group. The CCT and TAU groups did not differ statistically on age, gender, years of education, duration of illness, age at onset, antipsychotic dose (risperidone equivalents) [38] , symptom severity, or any of the neuropsychological tests at the beginning of the CCT intervention (i.e., baseline). More than half the participants were living with their families (65%), about onethird were in the hospital (31%), and only one participant was living alone (4%). Some participants worked part-time (12%) and the others were unemployed (88%). In the CCT group, 12 participants completed the postintervention evaluations and 11 completed the follow-up evaluations; in the TAU group, 11 completed the postintervention evaluations and 8 completed the follow-up evaluations.
CCT Intervention.
The CCT intervention delivered in the study was a 12-session, manualized, group-based training focusing on the 4 cognitive domains presented in Table 2 . The CCT groups consisted of fewer than 6 participants and more than 2 therapists who were certified clinical psychologists and a doctoral-level clinical neuropsychologist. Before starting the study, we role-played all 12 sessions with members of our laboratory as staff training in order to enhance the fidelity of the treatment procedure and refine the Japanese manual. In this approach, homework assignments are important. Homework is assigned at the end of each session and enables participants to identify situations in which they would use a given strategy. In addition, participants are provided with an opportunity to troubleshoot any difficulties concerning the homework at the beginning of each session. These procedures encourage participants to develop learned strategies into new habits in their real-world circumstances. The learning of habits has been shown to be intact in individuals with schizophrenia [39, 40] , and habits are particularly resistant to forgetting [41] . Thus, the effects of the compensatory approach based on habit learning are expected to endure for a longer period of time and be generalized to everyday living and social activities.
CCT covers prospective memory, attention/vigilance, verbal learning/memory, and executive functions, in that order. These four cognitive domains were selected based on their degree of impairment in schizophrenia spectrum disorders, relevance for psychosocial functioning, and potential modifiability [4, 42, 43] . In addition, CCT has the following features: no use of computer and being delivered anywhere, interactive, game-like format as much as possible to maintain the interest and attention of participants, and a workbook whereby participants could review the things they had worked on anywhere and anytime. A short break between the first and second hours of each session is given to reduce fatigue (see [30, 31] for more details).
Measures

Cognitive Measures.
The neuropsychological tests were implemented as cognitive measures in the following cognitive (1) Verbal learning/memory: the Japanese Verbal Learning Test (JVLT) [44, 45] based on Gold et al. [46] , in which scores are given for the number of words recalled immediately (0-48) and after a delay (0-16, see [44, 45] for more details), and the story subtest of the Japanese version of the Rivermead Behavioral Memory Test (RBMT) [47, 48] , where scores are given for the number of sentences recalled immediately (0-25) and after a delay (0-25).
(2) Processing speed: digit symbols subtest of the Japanese version of the Wechsler Adult Intelligence Scale, third edition (WAIS-III) [49, 50] , in which scores (0-133) are given for the number of symbols copied within 120 s, and the Trail Making Test part A (TMT-A) [51] , in which the time taken to complete the test was scored.
(3) Executive function: Wisconsin Card Sorting Test (WCST) [52, 53] , where the number of categories completed was scored (0-6), and the Japanese version of the Trail Making Test part B (TMT-B) [10, 51] , in which the time taken to complete the task was scored.
These cognitive measures, including some measures which were different from those used in previous studies [30, 31] , were selected according to the content in the training (e.g., the RBMT story test for conversational attention, processing speed tests for task attention) and the possibility of improved performance in the tasks by applying the coached strategies. Prospective memory performance could be inferred from the attendance rate of the participants to some extent, although there was no standardized test with which to measure this domain in Japanese.
Functional Measures. The Social Functioning Scale
Japanese version (SFS-J) [54, 55] was implemented as functional measures. SFS-J evaluates the functioning in everyday and social living, reported by participants and their families (score range: 0-226).
Data Analyses.
The statistical analyses were administered based on the intent-to-treat principle and therefore included all available data from the 26 participants completing the baseline evaluations regardless of whether they adhered to treatment (see Table 1 ). In order to compare the results of each measure on cognitive functions, everyday/social functioning, and clinical symptoms at three time points (baseline, T1; postintervention, T2; follow-up, T3), we performed twoway mixed factor analyses of variance (ANOVAs) with group (CCT versus TAU) as a between-subject factor and time points (T1 versus T2 versus T3) as a within-subject factor. In these analyses, we adjusted the significance level (alpha) for the ANOVAs with Bonferroni correction. In the study, we focused on group-by-time interactions because the CCT intervention was considered effective when the improvement effects in the CCT group were beyond the effects of medication or natural course of time seen in the TAU group. Furthermore, we performed follow-up -tests with Bonferroni correction (T2 versus T1, T3 versus T1) to examine changes from the baseline of each measure when the significant interactions were detected. In addition, we calculated Cohen's [56] using the change scores from baseline (T2-T1, T3-T1) of each measure to evaluate the magnitude of improvement effects with or without the CCT intervention. Table 3 presents the results of the mixed ANOVAs in terms of group-by-time interactions for all measures. The patterns of the significant interaction are seen in Figure 2 . Two of the 11 participants in the CCT group who completed follow-up evaluations did not answer the questionnaires, so we analyzed data from 9 participants in the CCT group and 8 in the TAU group regarding functional measures.
Results
Effects on Cognitive Functions.
Regarding verbal memory, significant group-by-time interactions were found for JVLT total recall ( = 5.25, = 0.018, and 2 = 0.479). A series of Bonferroni-corrected paired comparisons revealed that the CCT group showed significant improvements in JVLT total recall at postintervention compared to baseline ( = 2.80, = 0.027, and = 1.26). In contrast, the TAU group did not show any changes from baseline on this measure ( = 1.21, = 0.839, and = −0.47). Additionally, a similar trend was found on RBMT story immediate recall. The interaction was close to significance ( = 3.65, = 0.049, and 2 = 0.313), and paired comparisons indicated that the CCT group but not the TAU group showed significant improvements from baseline at postintervention ( = 3.28, = 0.021, and = 0.81, Bonferroni-corrected). As for the follow-up period, there were no significant differences from baseline on all measures of verbal memory ( ≤ 2.47, ≥ 0.080, and ≤ 0.61). That is, the improvement effects seen in the CCT group at postintervention were not maintained several months after the completion of CCT.
As shown in Table 3 , significant interactions were found in processing speeds for both WAIS-III digit symbol and TMT-A ( ≥ 5.09, ≤ 0.020, and 2 ≥ 0.389). A series of paired comparisons indicated that the CCT group showed significant improvements from baseline on both digit symbol ( = 6.09, = 0.002, and = 0.66) and TMT-A ( = 5.36, = 0.000, and = 1.01) at the postintervention period. Furthermore, the CCT group performed better at follow-up on both digit symbol ( = 3.66, = 0.002, and = 0.57) and TMT-A ( = 2.66, = 0.030, and = 0.59) compared to baseline, suggesting that the improvements seen in the CCT group on these cognitive measures were maintained for several months. The TAU group did not show significant changes on these measures at postintervention or follow-up compared to baseline ( ≤ 2.25, ≥ 0.214, and ≤ 0.70).
Regarding executive function, no significant interactions were found on WCST or TMT-B, as shown in Table 3 
Effects on Everyday and Social Functioning.
Of two measures, only the interaction on SFS-J score rated by participants' family members was significant ( = 6.91, = 0.008, and 2 = 0.483). A series of paired comparisons revealed that the CCT group showed significant improvements on social functioning at the postintervention period compared to baseline ( = 3.44, = 0.004, and = 0.92) but that the TAU group showed no change ( = −0.95, = 1.000, and = 0.22). At the follow-up period, both groups did not show any significant changes compared to baseline ( ≤ 2.07, ≥ 0.250, and ≤ 0.40), suggesting that the improvement effects seen in the CCT group on the SFS-J for families at postintervention were not maintained for several months.
Effects on Clinical Symptoms.
As for clinical symptoms, no significant interactions were observed for both positive and negative symptoms, as seen in Table 3 ( ≤ 1.15, ≥ 0.341, and 2 ≤ 0.126).
Effect Sizes.
The effect sizes of the CCT intervention were calculated using the change scores from baseline for all measures to contrast the magnitude of the improvement effects between the groups. Table 4 presents the effect sizes of the CCT intervention. Regarding verbal memory, CCT had medium-to-large effect sizes on JVLT immediate recall, delayed recall ( = 0.95, 0.69), and RBMT story immediate recall and delayed recall ( = 1.00, 0.88) at postintervention. Furthermore, the equivalent effect sizes of CCT were maintained at follow-up (JVLT, = 0.55, 0.75; RBMT, = 0.50, 0.85, resp.). Large effect sizes of CCT were found in processing speed in both WAIS-III digit symbol ( = 0.97) and TMT-A ( = 1.22) at postintervention. The equivalent effect size of CCT on digit symbol was maintained at follow-up ( = 1.29), but not the effect size on TMT-A ( = 0.19). Regarding executive functions, there were small-to-large effect sizes on WCST ( = 0.58) and TMT-B ( = 0.33) at postintervention. The effect sizes on WCST were maintained at follow-up ( = 0.71). On the other hand, the effect size on TMT-B ( = −0.01) was not maintained.
With regard to functional measures, the CCT intervention had medium-to-large effect sizes on the SFS-J rated by the participants themselves and their families at postintervention ( = 0.47 and 1.56, resp.). The effect size of the self-rating was not maintained ( = 0.011) while that of family rating decreased ( = 0.049). Regarding the measures on clinical symptoms, a small-to-medium effect ( = 0.52) was found on positive symptoms at postintervention, and the effect was maintained at follow-up ( = 0.48); however, there were no effects on negative symptoms at both times ( = 0.02 and 0.08, resp.).
Discussion
The study examined the effectiveness and applicability of CCT for Japanese patients with schizophrenia. Compared to participants receiving treatment consisting mainly of medication as usual (i.e., the TAU group), those receiving the CCT intervention along with treatment as usual (i.e., the CCT group) showed greater improvements on measures of cognitive functions such as verbal memory, or processing speed, and social functioning. Our results demonstrate that CCT benefits Japanese individuals with schizophrenia. In addition, the high attendance and level of satisfaction rated by the participants in the CCT group indirectly support the notion that this intervention could be effectively applied on Japanese individuals with schizophrenia. The high attendance rate in the CCT group could also imply that they took advantage of the strategies for prospective memory such as the use of calendar for scheduling. They are expected to acquire this new habit through homework exercises. The participants in the CCT group who completed the intervention ( = 11) attended 84.9% of the sessions. Although this percentage decreased to 78.9% after considering the two participants who dropped out, overall attendance was still high. Participants also reported that the sessions were well conducted (mean rating = 76.6 on a 0-100 visual analogue scale). Although definite judgment on whether some of the homework assignments were completed or not was difficult, all participants executed an assignment to call a therapist and leave a message on Saturday using their calendar, once or more in two sessions, for example. Few participants missed all of their homework assignments at each session. Since impairments on verbal memory in individuals with schizophrenia have been demonstrated to be particularly severe relative to other cognitive domains [9, 10, 57] , it is Advances in Psychiatry 9 one of the main targets of CCT. Therefore, the successful replication of improvements on verbal memory performance observed in a previous study [31] is a clear indicator of the methodological validity and effectiveness of the Japanese version we administered in this study. JVLT has three or more versions of parallel tests, which we administered randomly to each participant at the three time points. Influences of repetition are considered to be modest, as seen in the performance of the TAU group on these measures. The participants learned a number of memory strategies in the verbal memory sessions and practiced choosing adequate strategies depending on the circumstances. For example, the encoding strategies, such as the use of categorization or visual imagery, are useful for remembering a list for shopping, people's names, and important information in each participant's real-world circumstances. These strategies are considered relevant in performing the JVLT.
As for the other cognitive domains targeted in the CCT intervention, the participants in the CCT group showed greater improvements on measures of processing speed such as the WAIS-III digit symbol or TMT-A compared to those in the TAU group. Since the participants in both groups showed trends in improvement on these measures to some degree, it is plausible that these measures were subjected to the effect of repetition. Nevertheless, the significant groupby-time interactions indicate that the effect of the CCT intervention should be detected beyond that of repetition seen in the TAU group. Indeed, participants in the CCT group showed improvements in processing speed or sustained the level of attention necessary to perform these tasks quickly. Task attention strategies, such as paraphrasing and selftalk, were practiced in the letter cancellation tasks and card games with the goal of utilizing these strategies in everyday activities under real-world circumstances. These strategies are considered relevant for performance on both tests of processing speed (the TMT and WAIS-III digit symbol task). The previous studies [30, 31] reported inconsistent effects of CCT on processing speed, showing that CCT led to improvement on the attention measure (digit span) but no improvement on the WAIS-III digit symbol task. Further studies are needed to investigate the effects of CCT on processing speed.
On the other hand, the CCT group did not show significant changes on measures of executive function, which is consistent with previous studies [30, 31] . The ceiling effects observed in WCST could make it difficult to examine the effectiveness of the intervention on executive functions in this study and possibly in previous studies [30, 31] . Careful selection of additional assessment tools, along with some revisions in the CCT program, might be necessary for examining executive function in future studies.
The effect sizes associated with CCT on cognitive measures at postintervention were as follows: medium-to-large (0.69-1.00) on verbal memory, large (0.97-1.22) on processing speed, and small-to-medium (0.33-0.58) on executive function. Additionally, the effect sizes on social functioning were much larger (0.47-1.56). These results suggest that CCT has promising effects on cognitive performance and that improvements in social functioning occur as well when CCT is applied to Japanese individuals with schizophrenia. These effect sizes were somewhat larger than those in a recent report [31] but are generally similar to those in the first report by Twamley et al. [30] . The results of the previous studies [30, 31] showed that effect sizes for functional measures such as subjective quality of life and functional capacity were larger than those for cognitive measures. Consistent with these findings, we observed the same tendencies in this study. Conversational attention strategies, including paraphrasing and asking questions, were practiced by discussing daily topics and sample scenarios with other participants in the sessions. Somewhat larger effect sizes seen in the functional measures suggest that these strategies might encourage patients to take part in social interactions in everyday life and that these strategies possibly had an effect on social functioning independent of the cognitive aspects.
Although effect sizes on cognitive measures were smaller than those on functional measures, significant improvement effects of this compensatory approach on cognitive performance, which has been reported previously [30, 31] , were replicated in this study. As Twamley et al. [30] pointed, it is difficult to know whether these effects of CCT represent an attenuation of cognitive deficits or an increase in the ability to compensate for them. Nevertheless, we believe it is unlikely that the intervention is correcting underlying cognitive deficits, because the CCT intervention does not use any drills to improve the cognitive capability itself. Similarly, the improvements on neuropsychological tests seen in the CCT group may reflect the utilization of the strategies participants acquired in the CCT, because none of the neuropsychological tests implemented as cognitive measures was referred to in the sessions. This also implies that the cognitive strategies coached can easily be generalized in various situations, as long as the strategies are applicable. For clarification of the mechanism of action in this compensatory intervention, in future studies, we should include a variety of measures on which the compensatory strategies show improvements or no effects.
In light of the aim of cognitive training, it is worth noting that the improvements on cognitive measures such as verbal memory or processing speed were maintained over a three-month follow-up period. Medium-to-large effects on verbal memory and those on measures of processing speed (WAIS-III digit symbol) and executive function (WCST) were maintained. These results are roughly consistent with those in previous studies [30, 31] . Although we did not collect data on the frequency and way in which the strategy was used by CCT participants in everyday living, we could expect, from the above, that the participants made the strategies their new habits and generalized them to everyday tasks. Further studies are required to examine the generalization and availability of the strategies in real-world circumstances.
The impressive improvements on social functioning were moderately maintained (0.49) at follow-up. However, the effect size decreased compared to that of the postintervention period. These results suggest that social interactions or instructions encouraging interpersonal behaviors or prosocial activities provided by the CCT intervention contribute to improvements on social functioning immediately after CCT. It is reported that the cognitive remediation provided in conjunction with adjunctive psychiatric rehabilitations has significantly stronger effects compared to cognitive remediation alone [24, 25] . However, in this study, we did not control for psychosocial intervention (excluding the CCT sessions) in keeping with previous work [31] . Conjunction with periodical psychosocial intervention may be effective in maintaining the improvement effects on social functioning for a longer period of time.
Regarding clinical symptoms, although significant group differences were not observed, CCT had small-to-medium effects (0.47-0.51) on positive symptoms. This result raises questions on whether the improvement effects of CCT on cognitive performance are associated with symptomatology. Therefore, we also conducted correlational analyses on positive symptoms and cognitive function measures. The results showed that positive symptoms were negatively correlated with WCST ( = −0.91, = 0.000), but not with any other cognitive measures ( ≤ |0.38|, ≥ 0.070), suggesting that the observed effects of CCT on measures of verbal memory and processing speed have little association with the severity of positive symptoms. Nevertheless, significant correlations between positive symptoms and executive functions represent the possibility that a certain type of cognition is not independent of positive symptoms. The relationship between clinical symptoms and cognitive abilities should be examined in future studies in order to investigate the effectiveness of CCT on cognitive functions more optimally. On the other hand, the previous study [30] showed significant effects on negative symptoms but not positive symptoms. This issue should be carefully examined using larger sample sizes.
Although our results are potentially fruitful, this pilot study has several limitations. The small sample size limits the generalizability of our findings. Regarding the study protocol, we did not employ a rigorous randomization procedure, assessment of treatment fidelity, active control group, or group allocation masking. Although the previous metaanalyses showed that variation in methodological quality (such as lacking these procedures) in cognitive remediation intervention studies had no effect on most cognitive and functioning outcomes [24] , these limitations would need to be addressed in future studies. In our results, the effect size of social functioning rated by the participants' families was larger than those rated by participants themselves, suggesting that the expectation of the participants' families biased their evaluations. The result of larger effects in functional outcomes than for cognitive functions is consistent with previous studies [30, 31] . However, it is possible that nonspecific factors including social contact in weekly group sessions could enhance arousal and affect social functioning as well as some of the cognitive measures, in which the effects were attenuated during the follow-up period. Additionally, we could not exclude the interpretation that the CCT participants might be motivated to put more effort into the neuropsychological tests at postintervention and follow-up than that by the TAU participants, with expectation for positive effects of the CCT intervention. In order to clarify these issues, a study of CCT using an active control group to control therapist-time and attention is needed. Finally, Twamley et al. [31] reported a high rate of dropout, but only two participants dropped out during the CCT intervention in our study. To enhance the applicability of this approach, strategies for maintaining participation in CCT sessions are worth investigating in the future.
In conclusion, this pilot study provides the first piece of preliminary evidence on the effectiveness and applicability of CCT for Japanese individuals with schizophrenia. The results suggest that the CCT intervention substantially benefits not only cognitive performance but also functional outcomes in this population. The results of the previous studies were generally replicated, ensuring that the advantages of CCT were not lost in the Japanese version. On the other hand, some different patterns of results were observed in this study, which provides us with new insights relevant to CCT itself and to issues specific to the Japanese version. The promising results observed in this pilot study would encourage further research on CCT in Japan. Investigation into the biological basis of the effects of cognitive remediation is a key challenge. As several studies using cognitive remediation programs based on restorative approaches have shown that cognitive remediation has positive effects on brain structure, brain function, and biomarkers such as brain-derived neurotrophic factors [58] [59] [60] , studies on CCT are expected to lead to further investigations into its effectiveness from multiple viewpoints, including its neural basis or functional mechanism.
